Summary ESRD has become an important problem for elderly patients. The segment of the ESRD population age 65 years or older has grown considerably, and this growth is expected to accelerate in coming years. Nephrologists caring for the elderly with advanced kidney disease will encounter patients with comorbid conditions common in younger patients, as well as physical, psychological, and social challenges that occur with increased frequency in the aging population. These challenging factors must be addressed to help inform decisions regarding the option to initiate dialysis, the choice of dialysis modality, whether to pursue kidney transplantation, and end-of-life care. This article will highlight some common problems encountered by elderly patients with ESRD and review data on the clinical outcomes of elderly patients treated with different modalities of dialysis, outcomes of kidney transplantation in the elderly, and nondialytic management of CKD stage 5.
Introduction
ESRD is becoming a geriatric condition. Among incident patients, those older than age 75 years outnumber those age 65-74 years and have the highest incident growth rate (1) . Contributing factors include increased prevalence of diabetes and hypertension, improved life expectancy, and increased willingness to initiate dialysis therapy in the elderly. As the Baby Boomer generation ages, this growth should accelerate.
This review identifies challenges encountered by the elderly that complicate their ESRD care and examines data on dialysis modality and transplantation outcomes to help inform decisions on initiation of renal replacement therapy (RRT) . We explore what is known about nondialytic management, discuss end-of-life issues, and offer suggestions for future work.
Although "elderly" and "geriatric" generally refer to those 65 years of age or older, there is heterogeneity in function, lifestyle, and life expectancy; some younger patients have worse functional impairment than certain octogenarians. The literature also varies in the definition of what ages are considered "elderly." In this review, "elderly" refers to those age 65 years or older unless otherwise specified.
Geriatric Challenges
Geriatric syndromes are multifactorial constellations of signs, symptoms, and events involving multiple organ systems that predispose to increased morbidity and mortality. Examples include frailty, falls, and functional impairment. The presence of cognitive impairment and uremia may accentuate these issues in elderly patients with advanced CKD and ESRD.
Frailty
The term "frailty" often appears in the literature as an adjective describing patients with diminished reserve. However, frailty is a phenotype associated with increased risk for falls ( (2) . Among the general population, 7% of those older than age 65 and 40% of those older than age 80 meet criteria for frailty (Table 1) (2, 3) .
In a retrospective analysis of the Third National Health and Nutrition Examination Survey, WilhelmLeen and colleagues found two-fold higher ageadjusted risk for frailty with mild CKD, which increased to a six-fold greater risk with an estimated GFR (eGFR) ,45 ml/min per 1.73 m 2 . These findings persisted after correction for multiple comorbid conditions (3). Frailty and CKD were associated with increased mortality, and the combination was additive (3). Johansen et al. reported a higher rate of frailty in older patients with ESRD (age , 40 years, 44.4%; age 60-70 years, 74.2%; age .80 years, 78.8%) (4). For those with frailty, after 1 year adjusted HRs were 2.24 (95% CI, 1.60-3.15) for mortality and 1.56 (95% CI, 1.36-1.79) for hospitalization (4) .
Although frailty increases with age, chronologic age is not a criterion. CKD is associated with frailty in populations unselected for age, suggesting that patients with CKD are prone to the physical and functional impairments that comprise frailty. Nephrologists should actively assess for these impairments so that corrective rehabilitative efforts can be pursued.
Falls
Studies suggest that .45% of elderly patients undergoing dialysis have one or more falls per year (5, 6) . Falls are an important risk factor for fractures, future falls, and death in geriatric populations. Frequency of syncope, presyncope, or dizziness did not differ between hemodialysis (HD) patients age 65 years or older, but those older than age 65 were more likely to fall (38% versus 4%) (7) . There was a greater pre-to postdialysis decrease in standing systolic BP in older than younger patients that did not vary between older patients who fell and those who did not, suggesting that orthostatic hypotension cannot fully explain falls. Increased risk for falls in the elderly may be due to unmeasured differences in functional impairment.
In HD patients (mean age, 75 years), mortality increased with at least one fall (HR, 1.63 [95% CI, 1.02-2.28]) (8) . Risk increased with advanced age, comorbidity, and recent initiation of HD (8) . Although falls from acute illnesses were excluded from that study to limit confounding, it is still not clear whether falls play a direct mechanistic role in mortality or are simply a surrogate marker of disease burden.
Functional Impairment
Studies demonstrated significant functional impairment (disability) among elderly dialysis patients (9, 10) . Functional impairment is the decreased ability to perform activities of daily living (ADLs) or instrumental activities of daily living (IADLs) ( Table 2) .
Of 162 HD patients older than age 65 years, 8 had no disability, 69 had impaired IADLs, and 85 had impaired ADLs and IADLs (11) . Factors associated with impairment included increased prescription drugs, decreased mobility, and lower educational level (11) .
Using U.S. Renal Data System (USRDS) and information on functional impairment from the Minimum Data Set Activities of Daily Living, Kurella Tamura et al. reported marked decline in functional status in 3702 nursing home patients (mean age, 73.4 years) 3 months before initiation of maintenance dialysis (12) . Only 39% maintained baseline function 3 months after initiation, and only 13% did so by 12 months (12) . Twelve-month mortality was 58% after initiation (12) . A smaller, retrospective study of mostly community-dwelling elderly persons (mean age, 84.5 years) also reported that 30% experienced significant decline in function 6 months after initiation (13) .
Together, these studies suggest that dialysis initiation in the setting of functional impairment is unlikely to reverse disability. The time surrounding dialysis initiation is associated with risk for functional decline and represents a target for rehabilitation. Evidence from Canada suggests that functionally impaired HD patients achieved improved function and independence through inpatient rehabilitation (10) .
Cognitive Impairment
An association between renal failure and cognitive impairment has been reported (14) (15) (16) . The point prevalence of cognitive impairment and dementia was two-fold higher in patients with ESRD than in those without ESRD (17) . In 825 participants of the Chronic Renal Insufficiency Cohort Study age 55 years or older, lower eGFR was associated with cognitive impairment, especially at an eGFR , 30 ml/min per 1.73 m 2 (18) . Mean 4-year cognitive decline was more pronounced with lower baseline eGFR (mean age, 74 years) (17) . In 145 dialysis patients, cognitive impairment was independently associated with mortality (19) .
Causality between cognitive impairment and renal failure is unclear. A single-center study of HD patients (mean age, 63 years) found no effect of dialysis adequacy on cognition (20) . In addition, cognitive impairment complicates assessment of uremia and affects the decision to initiate dialysis. Among nursing home patients (mean age, 74 years), cognitive decline was associated with early (eGFR . 15 ml/min per 1.73 m 2 ) initiation (21) . These studies do not address the layer of complexity that cognitive impairment may add to decision-making capacity regarding dialysis initiation. Moreover, the potential effect of slowing cognitive decline on ESRD outcomes requires further investigation.
Decision to Initiate RRT
The decision to initiate RRT in the elderly is complicated by more challenges than in younger patients. Beyond geriatric syndromes, they are more likely to have problems with nonmedical barriers, including limited transportation, family support, and income (22, 23) . The elderly also have more cardiovascular and overall comorbid conditions and reduced life expectancy compared with younger patients (22, 23) .
Timing of dialysis initiation must be considered. The IDEAL (Initiating Dialysis Early and Late) study found no benefit for early initiation (24) , and another study suggested that it may be associated with harm in the elderly, perhaps because of accelerated loss of residual renal function (25) . Therefore, it becomes important to provide patients and families with prognostic information regarding timing of initiation, further complicated by assessing the competing mortality risk (likelihood of death in some elderly before ESRD is reached) (26). (27) . Shared decision-making, wherein patient values and preferences are strongly considered, is emphasized (27) . Advanced care planning is highlighted through identification of preferences and use by some states of specific documents (i.e., Physician Orders for Life-Sustaining Treatment) (27) . The guideline emphasizes communication skills for breaking bad news and conflict resolution (27) . Time-limited dialysis trials are useful in cases with uncertain prognosis or no consensus (27) (28) (29) .
Prognostic tools to guide decision-making for elderly are available. Couchoud et al. validated a 6-month tool for incident elderly dialysis patients using clinical factors (Figure 1 ) (30) . The highest-risk group (score $9) had a 6-month mortality rate of 70%, compared with 8% for the lowest-risk group (score, 0) (30).
Cohen validated an integrated 6-month tool among prevalent dialysis patients featuring the "surprise" question: "Would I be surprised if this patient died in the next 12 months?" (31, 32) . The model uses five variables and has been incorporated into a web-based application (Table 3 ) (32).
Maximal Nondialytic Conservative Management
Some patients with ESRD do not pursue RRT. A nondialytic strategy known in Europe as maximum conservative management (MCM) may be used (33) (34) (35) (36) (37) . This intensive CKD approach is undertaken in a multidisciplinary clinic staffed by dietitians, social workers, and other support personnel. Patients receive the same care as they do in earlier CKD stages, with emphasis on supportive, symptomatic care.
Wong et al. analyzed 73 patients with CKD stage 5 who did not pursue dialysis (38) . Most had been advised against initiation because of lack of expected mortality benefit. The 1-year survival rate was 65% (median survival duration, 1.95 years). In 2 years, 60% of patients had no hospitalizations. Among patients who died, 71% died at home.
Murtagh et al. retrospectively analyzed patients older than age 75 years in an MCM clinic (39) . After study criteria were applied, 129 patients were analyzed: 52 who chose dialysis and 77 who chose MCM. None receiving MCM switched to dialysis. Dialysis withdrawal rates and hospice use were not discussed. Dialysis patients achieved a 2-year survival rate of 76% compared with 47% for those receiving MCM. However, mortality benefit was not observed for patients with cardiovascular disease or high comorbidity.
Smith and colleagues retrospectively analyzed a similar cohort, demonstrating similar survival benefit with dialysis (40) . These studies may have been confounded by selection bias because MCM patients had significantly higher comorbidity and functional impairment than dialysis patients (40) . A subset of patients for whom MCM had been recommended chose HD, with equivalent median survival (40) .
Despite a potential survival benefit, dialysis may not improve quality of life; 65% of deaths among dialysis patients occurred while they were hospitalized, compared with 27% for those receiving MCM (40). Carson et al. also reported that dialysis patients lived longer than MCM patients (median survival duration, 37.8 months versus 13.9 months, respectively) but spent more time in or at the hospital (173 days per patient-year versus 16) (41). Those receiving MCM were four-fold more likely to die at home or with hospice (41) .
Across studies, patients receiving MCM have fewer hospitalizations and are more likely to receive hospice services. Such information is helpful in counseling patients and families. Functional status and comorbidity must be considered, and individualized patient goals beyond mortality estimates (i.e., lifestyle changes, hospitalization, and loss of independence) must be deliberately addressed (26, 27) .
There are no United States outcomes data for maximal nondialytic conservative management. The nondialytic option is not commonly discussed before initiation. Caution is advised in extrapolating data because of observed cultural, religious, and social differences in advance care planning and dialysis withdrawal between the United States and Europe (27, 42, 43) . In addition, available studies are limited by retrospective design and small sample sizes. Clearly this is an area warranting further investigation. 
Choice of RRT HD versus Peritoneal Dialysis
Survival of elderly dialysis patients is poor (Table 4 ) (44). The increase in relative life expectancy for the two oldest groups (Table 4) is probably influenced by decreased life expectancy in the age-matched general population (44) . The all-cause hospitalization rate was 2.1 admissions per patient-year-at-risk for dialysis patients older than age 75 and 1.8 for those age 45-64 years (1). Cardiovascular disease is the leading cause of hospitalization and death for older patients and occurs more frequently in that group than in younger patients (1) .
Permanent vascular access is often problematic in older HD patients. A meta-analysis demonstrated increased failure of radiocephalic arteriovenous fistulas in older compared with younger patients (45) . Age varied among reviewed studies but was typically older than 60 years (45). Lok and colleagues found a similar fistula survival rate between older (.65 years) and younger patients, although older patients primarily had brachiocephalic fistulas (46). Number of access-related interventions did not significantly differ (46) .
In elderly HD patients, tunneled catheters are associated with increased mortality (47) . However, catheter-based HD is the only option for many. One study found no difference in catheter use, infection rates, or flow-related malfunction in older (.75 years) versus younger patients (40-60), suggesting that although catheters are not ideal, outcomes with their use can be similar to those in younger patients (48) .
Although HD may be an effective and attractive option (supervised, not done daily), elderly patients are generally more sensitive to fluid shifts because of increased cardiovascular comorbidity and may not tolerate ultrafiltration (49, 50) . In addition, problems with transportation and vascular access can limit success. Peritoneal dialysis (PD) may be advantageous because it provides gentler ultrafiltration, can be performed at home, and eliminates vascular access. However, barriers may exist because of functional limitations and insufficient social support; these factors, although present in younger patients, are more frequent and problematic in elderly (49, 51) .
Concerns exist regarding technique survival and peritonitis. One study reported equivalent technique survival for all ages at 5 years (52) . Peritonitis data are variable (53) (54) (55) (56) . Some studies show an increased rate, some a decreased rate, and others the same rate for elderly and younger patients. There was a similar likelihood of remaining peritonitis-free in patients with diabetes older than age 70 years versus those age 40-60, but more total episodes of peritonitis occurred in the elderly, suggesting increased risk for recurrence (56) .
Multiple European studies examined outcomes of elderly patients undergoing PD versus HD. There was no difference in 1-year mortality in 125 patients older than age 70 years in the North Thames Dialysis Study (57) . The BOLDE (Broadening Options for Long-term Dialysis in the Elderly) study found similar quality of life for PD versus HD in prevalent elderly (.65 years) patients (49) . In 3512 incident French dialysis patients older than 75 years (Renal Epidemiology and Information Network registry), the 2-year PD survival rate was 64%, similar to that seen with HD (58) .
Analysis of 1615 French PD patients older than age 75 revealed survival similar to that found in the Renal Epidemiology and Information Network registry. Mean initiation age was 82 years, and 75% of patients required assisted PD (a nurse or family member helps with exchanges) (59-61). Survival was better for those with fewer comorbid conditions (59) and those not requiring assistance, probably reflecting selection bias (59) . Strategies such as nocturnal or short daily dialysis may provide advantages similar to those seen with PD, such as gentler ultrafiltration. Nocturnal dialysis has not been studied in the elderly. A geriatric rehabilitation unit used six 2-hour HD sessions per week (10) . Patients tolerated treatment with adequate ultrafiltration and preferred this schedule (10) .
Given available data, dialysis modality choice in elderly patients should be individualized, with consideration of comorbid conditions, cognitive function, social support, and functional status.
Transplantation
Transplantation remains the treatment of choice for ESRD (62) . There is no age at which a patient should not be considered for transplantation, provided they are in otherwise good health and do not have significant comorbid conditions (62, 63) . However, the growth of elderly patients on dialysis in the United States is not matched by a proportional increase in transplantation, although the transplantation rate is increasing (62) .
A study examining the survival benefit of transplantation versus remaining wait-listed was performed using USRDS data on 252,358 patients (64). Patients older than age 70 were excluded (64). Significant survival benefit was observed for all ages, but the magnitude was less for those older than age 60 (64) . A more recent study of 2000 deceased-donor recipients older than 70 years found a 41% mortality reduction compared with the rate in those who remained wait-listed (65) . A substantial component of the survival benefit may be attributable to selection bias. Expanded-criteria donor (ECD) kidneys are often unsuitable for younger patients because they are not expected to function as long as standard-criteria donor kidneys. Ethical concerns exist because the best outcomes for elderly recipients are from live donors, followed by standardcriteria donors, then ECDs (65, 66) . However, a 25% mortality reduction compared with remaining wait-listed was observed for elderly ECD recipients (65, 66) . Similar outcomes have been observed elsewhere (67-69). The main benefit of ECD kidneys is less wait time, and they are recommended for older patients who are diabetic, have no living donor, or have an anticipated long wait (65) .
The Organ Procurement and Transplant Network recently proposed a new allocation system that attempts to maximize graft function for each kidney by matching graft life expectancy with recipients (70) . Kidneys would be evaluated on a continuum rather than as standard-criteria donor/ECD (70) . Factors for recipients are age, dialysis time, previous organ transplantation, and diabetes (70) . A decreased percentage of transplants but no change in average years of benefit for patients older than age 50 are predicted (70) . Transplant outcomes improve with less dialysis time (71, 72) . In a Norwegian study, the worst outcomes were for patients older than age 70 with more than 1 year of dialysis (71) . Survival was decreased for patients age 60-69 years with more than 1 year of dialysis, equivalent to the rate in patients older than age 70 with less than 1 year of dialysis (71) . Unfortunately, patients older than age 65 are less likely to receive a deceased-donor kidney within 1 year (73) . In addition, the pre-emptive transplantation rate is very low, especially in the elderly (73) . With prompt evaluation (for living-and deceased-donor candidacy), properly selected elderly dialysis patients can achieve very favorable transplant outcomes.
Palliative Care and Hospice
Dialysis discontinuation occurs more frequently among older patients and may be particularly appropriate for those with severe functional or cognitive impairment (27, 74) . USRDS data demonstrate increased withdrawal with age (Table 5 ) (75) . Survival varies, with most deaths attributable to comorbid conditions rather than uremia (74) . Anuric patients usually die in 8-12 days (74) . With residual function, some may survive several months (74) .
Symptoms encountered after dialysis discontinuation, which may predate dialysis withdrawal, include pain, myoclonus, hunger, thirst, and dyspnea (74) . World Health Organization guidelines for pain management should be followed. Fentanyl and hydromorphone have metabolic profiles superior to that of morphine for impaired renal function, and meperidine is contraindicated. Low-dose benzodiazepines may be used for myoclonus. Diet should be liberalized for hunger and thirst. For dyspnea, opioids can be considered.
Murtagh et al. studied symptoms before death in 74 patients with CKD stage 5 in whom dialysis was not initiated (76, 77) . Symptoms were similar to those in patients with end-stage cancer (76) . Degree of distress correlated with frequency, except for dyspnea (76) . A sharp increase in distress and health-related concerns occurred 2 months before death (77) .
Hospice services are underused for patients with ESRD (78) (79) (80) (81) (82) . USRDS data for deceased patients reveals that only 13.5% used hospice; the rate was 42.9% in those who withdrew dialysis (82). Significant regional differences were observed (82) . Among those who withdrew, hospice patients had lower health care-related costs in the last week of life and were three-fold more likely to die at home (82) . There is clear need for increased focus on end-of-life symptom management and hospice use (27) . In addition, palliative care should be used when appropriate throughout CKD stages (27) .
Conclusions and Future Directions
RRT decision-making in the elderly requires consideration of factors more common in this population, including functional and cognitive impairment and cardiovascular disease (Figure 2 ). If severe impairment exists, nondialytic management, including palliative care and hospice, may be appropriate. In those with less impairment but severe comorbidity, MCM (in conjunction with palliative care) is an alternative. Transplantation is an option in those with less comorbidity. If there is no living donor, careful evaluation for a deceased-donor transplant (possibly with ECD listing) should be pursued. PD and HD are acceptable RRT modalities, and individual preferences and social support must be considered. After initiation, patients should be monitored for functional or cognitive decline. If such decline is present, RRT withdrawal and palliative or hospice services may be reasonable.
Underuse of PD presents a potential area for growth. Assisted PD can remove nonmedical barriers and increase use (83) . Extension of prognostic models to earlier CKD stages could provide information to predict CKD progression and which patients should pursue RRT. Multidisciplinary clinics and incorporation of tools assessing function may assist in delivering appropriate care. It is undetermined whether earlier recognition of functional and cognitive decline and use of rehabilitation can slow progression and improve ESRD outcomes.
